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ABSTRACT 



A routing method routes cells which are transferred 
through one of a plurality of paths within an asynchro- 
nous transfer mode (ATM) switching system selected 
by routing information. The routing method includes 
the steps of addinglirst routing TinformationUo incoming 
cells at an^nput) stage of the~ATM~switching system 
when supplyingthe cells to the ATM switching system, 
generating a route switching confirmation cell in re- 
sponse to a route switching instruction and for adding 
second routing information to incoming cells thereafter 
so as to supply the route switching confirmation cell 
and the cells added with the second routing information 
to the ATM switching system. The second routing 
information is different from the first routing informa- 
tion and is determined by the route switching instruc- 
tion, comparing routing information. The method also 
includes the cells with the secWdToutmg information at 
an (output stage of the ATM switchmg^lyslerrTin re- 
sponse to the route switching instruction, and output- 
ting each cell from the ATM switching system having 
routing information different from the second routing 
information as it is. The method also includes temporar- 
ily storing each cell from the ATM switching system 
having routing information identical to the second rout- 
ing information and reading out and outputting the 
stored cell after the route switching confirmation cell is 
output from the ATM switching system. 

31 Claims, 19 Drawing Sheets 
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through the old route before the switching of the route. 

ROUTING METHOD AND ROUTING SYSTEM In other words, since the new route after the switching 

FOR SWITCHING SYSTEM HAVING A of the route is free compared to the old route, the cell 

PLURALITY OF PATHS sequence is disordered at the output end of the ATM 

5 switching system. When the cell sequence is disordered, 

BACKGROUND OF THE INVENTION it \$ no longer possible to carry out a positive signal 

The present invention generally relates to routing processing. Hence, when switching the route, it is nec- 

methods and routing systems, and more particularly to essary to take measures to prevent the cell which is 

a routing method and a routing system for a switching transferred through the new route after the switching of 

system having a plurality of paths. 10 the route from going ahead of the cell which is trans- 

For example, in order to freely transfer files at a high ferred through the old route before the switching of the 

speed, it is necessary to use a high-speed broadband route. 

communication network. In such a communication Conventionally, virtual channel identification (VCI) 
network, the communication band must be several tens converters 2\ and 2i shown in FIG.2 which are pro- 
of Mbits/s or greater which is extremely large com- 15 vided in a stage preceding an ATM switching system 1 
pared to a communication band for telephones and data having the structure shown in FIG.l have buffering 
communications which is in the range of 64 kbits/sxn. functions so as to prevent the cell which is transferred 
Recently, there is active research in this field of broad- through the new route after the switching of the route 
band communication, and the asynchronous transfer from going ahead of the cell which is transferred 
mode (ATM) communication is regarded as an effective through ^ old route ^ s witching of ^ route , 
method of communication. Each cell has a VCI number added to an ATM 
The ATM communication technique is proposed in header thereof, and cells having various VCI numbers 
Kawarasaki et al., ^Perspective of ATM Coramunica- m transmitted time sequentially. A VCI discriminator 
tion Technique, 7 EvoluUon of Broadband Communi- 3 shown in FIG.2 discriminates the VCI number of each 
cation Network .Journal of E ectromc formation 25 and a rcferencc is made to a va toble 4 
Communication Society Vol.71 No.8, Aug. 1988, Qbtain yia |decton ^ ^ sb ^ ^ havi lne 
5 P ^ V * g V J wmmumcation, VCI numbers whkh ^ ^ ^ * ther 

£K3J ^^mJ U ^ m ^ words ' when a route switchin « "^ruction is received 

information are divided into blocks which have a fixed r _ ^ , , . 

length and are called cells. The ATM is a label multi- 30 from a central processing unit (CPU) 6, those cells 

plexing in which each cell is transmitted with a destina- ^ P^detennmed VOnumbers and are to 

tion information which is added to a header of the cell new ™ ute Wlt * n the A™ switching system^ 

and a channel is identified from a label within the ™ temporanly stored in a first-in ; first-out (FIFO) 

header. In the ATM, the occurrence of the cells is based m f m °7 7 b * ^ e sw *d™g of ^ selectors Sa and 5b t 

on an information transmission request and is asynchro- 35 whllc ^ which «» t0 the oId route within 

nous. Hence, the ATM is different from a synchronous the A ™ switching system 1 are passed as they are by 

transfer mode (STM) which is a time position multiplex- the switching of the selectors Sa and Sb. The cells 

ing in which a channel is identified from a time position which m t0 new route «* storcd in the 

of a time slot within a frame. In the STM, the time slot 11110 memory 7 are read out after a predetermined time 

occurs periodically regardless of the existence of infor- 40 which is P" 5 ** by a timer 8. This predetermined time 

roation transmission. corresponds to a maximum tolerable delay time within 

The ATM transmits the information after converting tne A ™ switching system 1 such that the cell which is 

the information into a unified format, that is, cells. The transferred through the new route after the switching of 

header of the cell must include channel identification, rout c is prevented from going ahead of the cell 

routing information and the like. The routing mforma- 45 which is transferred through the old route before the 

tion indicates which route is to be taken within an ATM switching of the route. 

switching system. The ATM switching system directs When switching the route in the conventional system 

the cell to a desired output port by selecting connec- shown in FIG.2, the cells which are to take the new 

tions of each of unit switches based on the routing infor- route within the ATM switching system 1 are tempo- 

mation which is added to the header of the cell. 50 rarily stored in the VCI converter 22 which is provided 

FIG.l shows an example of an ATM switching sys- in the stage preceding the ATM switching system 1 and 

tern having 3 stages of self routing modules (SRMs), are read out and input to the ATM switching system 1 

where each SRM has N input links and N output links. after the predetermined time which is preset by the 

For example, a route within the ATM switching system timer 8 within the VCI converter 22. In other words, 

is switched during communication, and FIG.l shows a 55 the cells which are to take the new route must wait 

case where a route "a" indicated by a one-dot chain line before being subjected to the switching process in the 

is switched to a route "b" indicated by a phantom line. ATM switching system 1. For this reason, a long delay 

When a fault occurs in a certain route or a congestion time is introduced between the cells having the various 

occurs in a local part within the switching system, it is VCI numbers, and there is a problem in that a subse- 

necessary to switch the route to a route which still has 60 quent signal processing cannot be carried out efficiently 

margin in its capacity. The congestion is caused by an within a short time because of the delay introduced at 

inappropriate call accept control logic and when a user the input stage of the ATM switching system 1. 

inputs a number of cells exceeding a declared value, and tmvptstttom 

in the latter case, the cells input exceeding the declared SUMMARY OF THE INVENTION 

value are disposed, for example. 65 Accordingly, it is a general object of the present 

When the route is simply switched, the cell which is invention to provide a novel and useful routing method 

transferred through the new route after the switching of and routing system in which the problems described 

the route may go ahead of the cell which is transferred above are eliminated. 
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Another and more specific object of the present in- route switching confirmation cell is output from the 
vention is to provide a routing method for routing cells asynchronous transfer mode switching system. Accord- 
which are transferred through one of a plurality of ing to the routing system of the present invention, it is 
paths within an asynchronous transfer mode switching possible to prevent a long delay time from occurring 
system selected by routing information, where each of 5 between the cells, and accordingly carry out a subse- 
the cells include a header and an information field and quent signal processing efficiently within a short time, 
the routing method comprises the steps of adding first Other objects and further features of the present in- 
routing information to incoming cells at an input stage vention will be apparent from the following detailed 
of the asynchronous transfer mode switching system description when read in conjunction with the accom- 
when supplying the cells to the asynchronous transfer 10 panying drawings, 
mode switching system, generating a route switching 

confirmation cell in response to a route switching in- BRIEF DESCRIPTION OF THE DRAWINGS 

struction and for adding second routing information to FIG.l is a system block diagram of an example of a 

incoming cells thereafter so as to supply the route conventional ATM switching system having SRMs 

switching confirmation cell and the cells added with the 15 connected in a plurality of stages; 

second routing information to the asynchronous trans- FIG.2 is a system block diagram for explaining a 

fer mode switching system, where the second routing conventional routing system; 

information is different from the first routing informa- FIG.3 is a system block diagram for explaining an 

tion and is determined by the route switching instruc- operating principle of the present invention; 

tion, comparing routing information of the cells with 20 FIG.4 is a system block diagram showing a first em- 

the second routing information at an output stage of the bodiment of a routing system according to the present 

asynchronous transfer mode switching system in re- invention; 

sponse to the route switching instruction, outputting FIG.5 is a system block diagram showing an embodi- 

each cell from the asynchronous transfer mode switch- ment of a converter of the first embodiment shown in 

ing system having routing information different from 25 FIG.4; 

the second routing information as it is, and temporarily FIG.6 is a system block diagram showing an embodi- 

storing each cell from the asynchronous transfer mode ment of an output module of the first embodiment 

switching system having routing information identical shown in FIG.4; 

to the second routing information and reading out and FIGS.7A and 7B are diagrams respectively showing 

outputting the stored cell after the route switching con- 30 formats of a cell and a tag; 

firmation cell is output from the asynchronous transfer FIGS.8A and 8B are cell timing charts for explaining 

mode switching system. According to the routing an operation of the first embodiment; 

method of the present invention, it is possible to prevent FIG.9 shows an operation sequence of the first em- 

a long delay time from occurring between the cells, and bodiment; 

accordingly carry out a subsequent signal processing 35 FIG.10 is a diagram for explaining a VPI/VCI table 

efficiently within a short time. of the converter; 

Still another object of the present invention is to FIG.ll is a diagram for explaining a VPI/VCI table 

provide a routing system for routing cells which are of the output module; 

transferred through one of a plurality of paths within an FIG.12 is a system block diagram showing an em- 
asynchronous transfer mode switching system selected 40 bodiment of a converter of a second embodiment of the 
by routing information, where each of the cells include routing system according to the present invention; 
a header and an information field and the routing system FIG.13. is a system block diagram showing an em- 
comprises a converter part coupled to an input stage of bodiment of an output module of the second embodi- 
the asynchronous transfer mode switching system and ment; 

including first means for adding first routing informa- 45 FIG.14 is a flow chart for explaining an operation of 

tion to incoming cells when supplying the cells to the a cell and tag generation controller within the converter 

asynchronous transfer mode switching system and sec- shown in FIG.12; 

ond means for generating a route switching confirma- FIG.15 is a flow chart for explaining an operation of 

tion cell in response to a route switching instruction and a control circuit within the output module shown in 

for adding second routing information to incoming cells 50 FIG.13; 

thereafter so as to supply the route switching confirma- FIGS.16A and 16B are cell timing charts for explain- 

tion ceil and the cells added with the second routing ing an operation of the second embodiment; and 

information to the asynchronous transfer mode switch- FIG.17 shows an operation sequence of the second 

ing system, where the seconoVr0u tmg-hrfonnation--ts\ embodiment. 

o!ifFttent~from*the^fc 55 

C-ramed;by_^ DESCRIPTION OF THE PREFERRED 

Umodulepart coupled to an output stage of the asynchro- EMBODIMENTS 

nous transfer mode switching system including third First, a description will be given of an operating 

means for comparing routing information of the cells principle of the present invention, by referring to 

with the second routing information in response to the 60 FIG.3. In FIG.3, an ATM switching system 50 includes 

route switching instruction, fourth means for outputting a plurality of SRMs which are connected in a plurality 

each cell from the asynchronous transfer mode switch- of stages so that a switching of the route is possible A 

ing system having routing information different from CPU 51 controls the entire system shown in FIG.3. 

the second routing information as it is and fifth means Input converter parts S2\ through 52„ are provided in a 

for temporarily storing each cell from the asynchronous 65 stage preceding the ATM switching system 50 and 

transfer mode switching system having routing infor- normally add normal routing information to incoming 

mation identical to the second routing information and cells. When a route switching instruction is received 

reading out and outputting the stored cell after the from the CPU 51, the input converter part 52/ generates 
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a route switching confirmation cell and adds to the VPI/VCI converter part 11, an output module (OM) 
incoming cells thereafter new routing information part 12 and a CPU 13, where VPI stands for "virtual 
which is determined by the route switching informa- path identifier" and VCI stands for "virtual channel 
tion, where i=l, . . . , n. Output parts 53i through 53„ identifier". The ATM switching system 10 includes 
are provided in a stage subsequent to the ATM switch- 5 2x2 SRMs #1 through #6 which are arranged in 3 
ing system 50. The output part 53, rewrites an internal stages. The VPI/VCI convener part 11 is provided in a 
table to the new routing information in response to the stage preceding the ATM switching system 10 and is 
route switching instruction from the CPU 51 and com- made up of converters #0 through #3 respectively 
pares the routing information added to the incoming having a structure shown in FIG.5. The output module 
cells with the new routing information written in the 10 part 12 is provided in a stage subsequent to the ATM 
table. When the routing information added to the in- switching system 10 and is made up of output modules 
coming cell differs from the new routing information #0 through #3 respectively having a structure shown in 
written in the table, the output part 53, outputs the in- FIG.6. The CPU 13 controls the VPI/VCI converter 
coming cell as it is. On the other hand, when the routing part 11 and the output module part 12 as will be de- 
information added to the incoming cell matches the new 15 scribed later. 

routing information written in the table, the output part Input links #0 through #3 and output links #0 
53/ temporarily stores the incoming cell in a memory through #3 shown in FIG.4 are lines for transferring 
and reads out and outputs this cell from the memory cells which have a cell format shown in FIG.7A. Lines 
after the route switching confirmation cell is received. from output ends of the converters #0 through #3 to 
Therefore, the basic operation of the present inven- 20 input ends of the output modules #0 through #3 trans- 
tion can be summarized as follows. That is, the input fer tags which have a tag format shown in FIG.7B. As 
converter part 52,- adds the route switching confirma- shown in FIG.7A, each cell has an ATM header and an 
tion cell to the incoming cells when the route switching information field, and the ATM header includes a head 
instruction is received from the CPU 51, and the input check field, a spare field and a VPI/VCI field. On the 
convener part 52,- outputs the incoming cells thereafter 25 other hand, as shown in FIG.7B, the tag includes a cell 
by adding thereto the new routing information. The identification field CIP, routing information fields X, Y 
ATM switching system 50 detects the routing informa- and Z for respectively indicating routing information of 
tion of the cells received from the input converter part the SRMs in the first through third stages, and a don't 
52,, and carries out the switching process by switching care field. The cell identification field CIP indicates the 
the links of SRMs based on the detected routing infor- 30 kind of cell, that is, whether the cell is a normal cell 
mation. The output part 53 ( rewrites the table to the new (CIP=0) or a route switching confirmation cell 
routing information and compares the routing informa- (CIP= 1). Hence, the tag is a kind of routing informa- 
tion of the incoming cells with the new routing informa- tion. 

tion Written in the table. When the routing information A virtual channel is identified by the VPI and the 

of the incoming cell differs from the new routing infor- 35 VCI. But for the sake of convenience, it is assumed in 

mation, it is judged that the incoming cell took the old this embodiment that the virtual channel is identified by 

route and the output part 53/ outputs the incoming cell the VCI alone to simplify the description. In actual 

as it is. On the other hand, when the routing information practice, however, the virtual channel is identified by 

of the incoming cell matches the new routing informa- the VPI and the VCI or by the VPI alone, and the VPI 

tion written in the table, it is judged that the incoming 40 may be fixed in the case where the virtual channel is 

cell took the new route and the output part 53/ tempo- identified by the VPI and the VCI. The terms VPI and 

rarily stores the incoming cell in the memory and reads VCI are defined by CCITT standards, 

out and outputs this cell from the memory after the Next, a description will be given of a case where an 

route switching confirmation cell is received and out- old route within the ATM switching system 10 is 

P ut - 45 switched to a new route by taking as an example a cell 

In the ATM switching system 50, the new route is which has a VCI number VCI=0000(H) at the input 

free, and thus, the cell which takes the new route may link, with reference to FIGS.5, 6, 8 and 9. The old route 

go ahead of the cell which takes the old route. For this includes the converter #0, the SRM #1, the link 0 of the 

reason, the present invention temporarily stores the cell SRM #1, the SRM #3, the link 0 of the SRM #3, the 

which takes the new route within the ATM switching 50 SRM #5, the link 0 of the SRM #S, and the output 

system 50 before outputting the same to the output link, module #0 in FIG.4. On the other hand, the new link 

so as to prevent the cell which takes the new route from includes the converter #0, the SRM #1, the link 1 of the 

going ahead of the cell which takes the old route. The SRM #1, the SRM #4, the link 0 of the SRM #4, the 

cell which takes the new route within the ATM switch- SRM #5, the link 0 of the SRM #5, and the output 

ing system 50 is corrected by storing this cell in the 55 module #0 in FIG.4. FIGS.8A and 8B are cell timing 

memory of the output part 53/ which is provided in the charts, and FIG.9 shows an operation sequence, 

stage subsequent to the ATM switching system 50. When a cell #0 having the VCI number VCI 

Hence, compared to the conventional system which = 0000(H) shown in FIG.8A is input to the converter 

stores the cell which is to take the new route for the #0, a VPI/VCI discriminator part 33 shown in FIG.5 

predetermined time at the stage preceding the ATM 60 discriminates the VCI number and refers to a VPI/VCI 

switching system, the present invention does not intro- table 32 shown in FIG. 10 to look up a corresponding 

duce the long delay time between the cells and it is VCI number VCI=FFFF(H) on the output link of the 

possible to efficiently carry out the subsequent signal conve ner # 0. A selector 35 adds a VCI number 

processing within a short time. VCI =FFFF(H) to the header of a cell #1, the timing of 

Next, a description will be given of a first embodi- 65 which is adjusted by a delay circuit 34. As shown in 
ment of the routing system according to the present FIG. 10, the VPI/VCI table 32 stores the VPI/VCI 
invention, by referring to FIG.4. The routing system number and the tag information (kind of cell and rout- 
shown in FIG.4 includes an ATM switching system a ing information) on the output link of the converter #0 
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m correspondence with the VPI/VCI number on the When a cell #4 shown in F1G.8A having the VCI 

input link of the converter #0. The tag information number VCI=0000(H) is received following the cell 

which indicates the kind of cell (0) indicating normal #3, the new routing information (100) is obtained from 

cell and the routing information (000) read from the the VPI/VCI table 32 because the routing information 

VPI/VCI table 32, and the cell and the tag indicated by 5 is already rewritten to the new routing information 

(OJ in FIG.8A are obtained in a step 100 shown in FIG.9 (100). By the switching of the selectors 36 and 37, the 

by switching selectors 36 and 37 by a cell and tag gener- cell indicated by ® in FIG.8A and the tag are obtained 

ation controller 31. The cell and the tag are obtained in in a step 106 shown in FIG.9. For a cell #5 and the cells 

a step 101 shown in FIG.9 by an operation similar to the which follow, the cells having the VCI number VCI 

above when the cell #1 having the VCI number VCI 10 =0000(H) are obtained with a format similar to that of 

=0000(H) is input to the converter #0. the cell #4. Since the cells #2 and #5 have VCI num- 

An operation similar to the above is also carried out bers different from VCI=0000(H), these cells #2 and 

when a cell #2 having another VCI number is input to #5 pass through the converter #0 but are not supplied 

the converter #0, and the cell and the tag indicated by to the output module #0. 

(2) in FIG.8A are obtained 15 ^ ^ #0 #1> which are obtained from ^ 

When the SRM #3 shown in FIG.4 generates a con- converter #0 are subjected to the switching process in 

gestion when processing the cell #2, the CPU 13 de- the ATM switching system 10 shown in FIG.4 and pass 

rides to switch the route of the cell which has the VCI a route dependent on the routing information. But since 

number 0000(H) on the input link of the converter #0 in the new route (100) is free, it is assumed that a cell 

order to reduce the load on the SRM #3. 20 which takes the new route goes ahead of a cell which 

The CPU 13 notifies the output module #0 to change takes the old route as shown in FIG.8B. A description 

the routin g inform ation of the cell having the VCI num- will be given of the operation of the output module #0 

ber VCI=FFFF(H) (VCI = 0000( H) at th e input link of in this case. 

the converter #0 becomes VCI=FFFF(H) at the out- In F1G.8B, it is assumed that the cell #0 which takes 

put link of the converter #0) from "000" (X=0, Y =0, the old route, the cell #4 which takes the new route, the 

Z=0) to "100" (X= 1, Y=0, Z=0) in a step 102 shown cell #1 which takes the old route, a cell #2' which is 

in FIG.9. A control circuit 20 of the output module #0 input to the output module #0 but is uncertain of the 

shown in FIG.6 assi ^^HI^jmem^r^Zltffin response converter from which this cell originates, and the cell 

to a route switching instruction from the CPU 13 which 3() #3 which takes the old route are obtained at the input 

is received via an interface (I/F) 29, and rewrites the link of the output module #0. In this case, the cell #4 

VPI/VCI table 22. Th e state of the cell having the VCI which takes the new route goes ahead of the cells #1, 

number VCI- FFFF(H) is rewritten from the "normal #2' and #3 which take the old route. The cell #0 shown 

state" (00) to a "switching state" (01), and in addition, in FIG.8B is obtained from the old route in the step 100 

the routing information is rewritten from (000) to (100). 35 shown in FIG.9. The VCI number VCI=FFFF(H) of 

As shown in FIG.ll, the routing information and the this cell #0 is detected in a VPI/VCI and tag detector 

cell state information are set for every VPI/VCI num- 23 shown in FIG.6, and the VPI/VCI and the tag (rout- 

ber in the VPI/VCI table 22. ing information) are supplied to the control circuit 20 

• On the other hand, the CPU 13 instructs the con- for comparison with the routing information and the 

verter #0 via an interface (I/F) 39 to switch the route of 40 state information which are obtained from the 

the cell having the VCI number VCI =0000(H) on the VPI/VCI table 22. The state information of the 

input link of the converter #0 in a step 103 shown in VPI/VCI table 22 is already rewritten to the "switch- 

FIG.9. A control circuit 30 of the converter #0 shown ing state" (01) by the route switching instruction from 

in FIG.5 notifies the VCI number VCI-0000(H), the the CPU 13 which is obtained via the interface 29. In 

old routing information (000) before the switching and 45 this case, the routing information (000) of the cell #0 

the new routing information (100) after the switching to and the routing information (100) from the VPI/VCI 

the cell and tag generation controller 31 in response to table 22 differ. Hence, a switch 24 and a selector 25 are 

the route switching instruction which is obtained from switched by a control of the control circuit 20 so that 

the CPU 13 via the interface 39. In this state, the the cell #0 which is obtained via the detector 23 is not 

VPI/VCI discriminator part 33 shown in FIG.5 detects 50 stored in the FIFO memory 21i but is output as it is to 

the incoming cell #2 shown in FIG.8A and having the the output link of the output module #0 in a step 107 

VCI number which is "empty", assuming that the cell shown in FIG.9 and indicated by@in FIG.8B. 

#3 is an empty cell following the cell #2. The empty Next, when the cell #4 is received at the input link of 

cell refers to a cell in which the VPI/VCI number is the output module #0 in the step 106 shown in FIG.9, 

"empty", that is, a cell which is not used for transfer of 55 the comparison of the routing information is made in the 

information. Hence, the cell and tag generation control control circuit 20 by a procedure similar to the proce- 

ler 31 outputs a signal which indicates the kind of cell dure described above. In this case, because the cell #4 

(1) in the tag, that is, the route switching confirmation is obtained from the new route, the routing information 

cell. By the switching of the selectors 36 and 37, the cell thereof is (100). Hence, the routing information (100) of 

indicat ed by (3) in FIG.8A having the VCI number 60 the cell #4 and the routing information (100) of the 

VCI=FFFF(H), the tag indicating the kind of cell (1) VPI/VCI table 22 are the same. In addition, the state 

which is the route switching confirmation cell, and the information of the VPI/VCI table 22 is the "switching 

routing information (000) are obtained in a step 104 state" (01). Therefore, the cell #4 is stored in the FIFO 

shown in FIG.9. Thereafter, the cell and tag generation memory 21 1 by switching the switch 24 by the control 

controller 31 rewrites routing informatio n of the 63 of the control circuit 20 in a step 108 shown in FIG.9. In 

VPI/VCI table 32 corresponding to VCI=FFFF(H) this state, an empty cell is output on the output link of 

on the output link of the converter #0 to the new rout- the output module #0 as indicated by Gh in FIG.8B. 

ing information (100) in a step 105 shown in FIG. 9. If there exists a cell which has the same routing infor- 



02/12/2004, EAST version: 1.4.1 



5,084,867 

9 10 

mation (100) as the cell #4, this cell is also stored in the the same reference numerals, and a description thereof 

same FIFO memory 21 j. will be omitted. In addition, for the sake of conve- 

Next, when the cell #1 is received at the input link of nience, it is assumed that cells similar to those described 

the output module #0, this cell #1 is output to the out- in conjunction with the first embodiment are input to 

put link of the output module #0 as it is by the switch- 5 the converter #0 and output to the output module #0. 

ing of the switch 24 and the selector 25 in a step 109 In FIG.12, the discrimination result of the VPI/VCI 

shown in FIG.9 as indicated by © in FIG.8B, simi- discriminator 33 indicative of the VPI/VCI is also sup- 

larly as in the case of the cell #0 because the cell #1 also plied to a cell and tag generation controller 31A. In 

takes the old route. The next cell #2 is also output to the addition a signal indicative of a cell timing is supplied 

out PSl link of the output module #0 as it is as indicated 10 to the cell and tag generation controller 31 A. 

by © in FIG.8B, similarly as in the case of the cells In FIG.13, a signal EMP indicative of the empty cell 

#0 and #1. is supplied from the VPI/VCI and tag detector 23 to a 

When the cell #3 (route switching confirmation cell) control circuit 20A. In addition, the cell which is sup- 
is received at the input link of the output module #0 in plied to the VPI/VCI and tag detector 23 is also sup- 
the step 104 shown in FIG.9, the detector 23 detects this 15 plied to the control circuit 20A. . 
route switching confirmation cell #3 and the control In the first embodiment, the cell identification field 
circuit 20 instructs a read with respect to the FIFO CIP of the tag shown in FIG.7B is made up of 1 bit to 
memory 21 1 and also switches the selector 5. Accord- indicate the normal cell when CIP =0 and the route 
ingly, the cell #4 which is stored in the FIFO memory switching confirmation cell when CIP « 1. However, in 
21i is read out and output to the output link in a step 110 20 this second embodiment, the cell identification field 
shown in FIG.9 as indicated by @in FIG.8B. At the CIP of the tag is made up of 2 bits. The normal cell is 
same time, the control circuit 20 rewrites the state infor- indicated by CIP =00, the route switching confirmation 
mation of the VPI/VCI table 22 from the "switching cell which is an empty cell is indicated by CIP= 10, and 
state" (01) to the "sweep-out state" (11). When the the route switching confirmation cell which is a normal 
FIFO memory 21] becomes empty by the read out, the 25 cell is indicated by CIP=11. CIP=01 indicates a don't 
control circuit 20 rewrites the state information of the care. 

VPI/VCI table 22 to the "normal state" (00), and the FIG.14 shows an embodiment of an operation of the 
normal cells which are thereafter received via the new cell and tag generation controller 31A shown in FIG.12 
route described by the routing information (100) are when switching the route. When a route switching 
output as they are in a step 111 shown in FIG.9. If there 30 instruction is received from the CPU 13 via the inter- 
exists a cell other than the cell #4 which is stored in the face 39 in a step SI, a step S2 judges whether or not the 
FIFO memory 21 1, this cell is output to the output link timing corresponds to the header of the cell based on 
of the output module #0 under the control of the detec- the signal which indicates the cell timing. When the 
tor 23 which detects the empty cell shown in FIG.8B judgment result in the step S2 becomes YES, a step S3 
and the control circuit 20 which switches the selector 35 judges whether or not the cell is an empty cell. When 
^ the judgment result in the step S3 is NO, a step S4 
Although the cell #4 which takes the new route goes judges whether or not the VCI number VCI = AAAA, 
ahead of the cell which takes the old route and the cells where A denotes a variable. A step S5 carries out a 
#0, #4, #1, #2, and #3 are received at the input link of normal process of controlling the selectors 36 and 37 to 
the output module #0 in this sequence, the cells are 40 output the cell and the tag input to the converter #0, 
obtained with the correct sequence at the output link of and the process ends. 

the output module #0 as indicated by ©through ©in On the other hand, when the judgment result in the 
FIG.8B. The correct sequence is formed by the cell #1 step S4 is YES, a step S6 controls the selector 37 to 
having the VCI number VCI=FFFF(H), the empty output the tag of the old route and outputs the cell 
cell which is a cell from another converter, the cell #1 45 identification field CIP= 1 1. Then, a step S7 supplies a 
having the VCI number VCI=FFFF(H), the cell #2' rewrite instruction to the VPI/VCI table 32 to rewrite 
which is a cell with a different VCI number, and the cell the VPI/VCI table 32, and the process ends. 
#4 which is obtained in place of the empty cell #3. In When the judgment result in the step S3 is YES, a 
this case, no long delay time is introduced between the step S8 inserts VCI = AAAA into the VCI number, 
cells as in the conventional system which stores the cells 50 outputs the tag of the old route, and outputs the cell 
which are to take the new route for the predetermined identification field CIP= 10. After the step S8, the pro- 
time at the input end of the ATM switching system. cess advances to the step S7. 

Therefore, the subsequent signal processing can be car- FIG.15 shows an embodiment of an operation of the 

ried out efficiently within a short time according to this control circuit 20 A shown in FIG. 13. When a cell is 

embodiment. 55 received in a step SI 1, a step S12 judges whether or not 

Next, a description will be given of a second embodi- the cell is an empty cell. When the judgment result in 

ment of the routing system according to the present the step S12 is NO, a step S13 judges whether or not the 

invention. In this second embodiment, the block system state of the cell is the "switching state" (01), the "nor- 

shown in FIG.4 is also used. However, the converters mal state" (00), or the "sweep-out state" (1 1). 

#0 through #3 of the VPI/VCI converter part 11 re- 60 When the "normal state" (00) is detected in the step 

spectively have a structure shown in FIG.12, and the S13, a step S14 controls the selector 25 to pass the cell 

output modules #0 through #3 of the output module as it is, and the process ends. 

part 12 respectively have a structure shown in FIG.13. When the "switching state" (01) is detected in the 

In FIG.12, those parts which are the same as those step S13, a step S15 judges whether or not the cell is 

corresponding parts in FIG.5 are designated by the 65 obtained through the old route. The process advances 

same reference numerals, and a description thereof will to a step S22 which will be described later when the 

be omitted. In FIG.13, those parts which are the same as judgment result in the step S15 is NO. A step S16 judges 

those corresponding parts in FIG.6 are designated by whether or not the cell is a route switching confirma- 
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tion cell when the judgment result in the step S15 is 
YES. The process advances to the step S14 when the 
judgment result in the step S16 is NO. On the other 
hand, when the judgment result in the step S16 is YES, 
a step S17 judges whether or not a cell is stored in the 5 
assigned FIFO memory 21/, for example. A step S18 
changes the state to the "sweep-out state" when the 
judgment result in the step S17 is YES, and a step S19 
changes the state to the "normal state" when the judg- 
ment result in the step S17 is NO. After the step S18 or 10 
S19, a step S20 judges whether or not the cell is an 
empty cell. The process advances to a step S25 which 
will be described later when the judgment result in the 
step S20 is YES. But when the judgment* result in the 
step S20 is NO, a step S21 passes the cell as it is and the 15 
process ends. 

On the other hand, when the step S13 detects the 
"sweep-out state", the step S22 stores the cell into the 
assigned FIFO memory 21,-, for example, and the pro- 
cess advances to the step S25. 20 

The step S25 judges whether or not a cell is stored in 
the assigned FIFO memory 21/, for example. The pro- 
cess ends when the judgment result in the step S25 is 
NO. On the other hand, when the judgment result in the 
step S25 is YES, a step S26 carries out a routine for 25 
determining the output cell. A step S27 outputs the cell 
from the FIFO memory 21/, for example, based on the 
routine carried out in the step S26. A step S28 judges 
whether or not there still exists a cell in the FIFO mem- 
ory 21/, for example. The process ends when the judg- 30 
ment result in the step S28 is YES. On the other hand, 
when the judgment result in the step S28 is NO, a step 
S29 rewrites the state information of the VCI which is 
assigned to the FIFO memory 21/ to the "normal state" 
and the process ends. 35 

Therefore, in this second embodiment, the cell tim- 
ings at the input and output stages of the ATM switch- 
ing system 10 respectively become as shown in FIGS.- 
16A and 16B. In FIGS.16A and 16B, the same designa- 
tions are used as in FIGS.8A and 8B, and a description 40 
thereof will be omitted. In this second embodiment, it is 
assumed that the cell #3 has the VCI number 
VCI»0000 at the input link of the converter #0 as 
shown in FIG.16A. The cell identification field CIP of 
the cells at the output link of the converter #0 is indi- 45 
cated as shown in FIG.16A. 

As shown in FIG.16B, the cell #3 is output to the 
output link of the output module #0 as it is, and the 
outputting of the cell #4 from the output module #0 
waits until the cell #3 is output to the output link of the 50 
output module #0 and an empty cell is input to the input 
link of the output module #0. In other words, unlike the 
first embodiment which outputs the cell #4 in place of 
the cell #3, the cell #3 is output as it is and the output- 
ting of the cell #4 waits until the empty cell is received 55 
in a step 150 shown in FIG.17. FIG.17 shows an opera- 
tion sequence of the second embodiment. In FIG.17, the 
same designations are used as in FIG.9, and a descrip- 
tion thereof will be omitted. 

Of course, as a modification of the second embodi- 60 
ment, the outputting of the cell #4 may wait until a cell 
having a VPI/VCI number corresponding to that of the 
cell #4 is received. 

Moreover, as another modification of the second 
embodiment, the outputting of the cell #4 may wait 65 
until the empty cell is received or the cell having the 
VPI/VCI number corresponding to that of the cell #4 
is received, whichever occurs first. 
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Further, the present invention is not limited to these 
embodiments, but various variations and modifications 
may be made without departing from the scope of the 
present invention. 

What is claimed is: 

1. A routing method for routing cells which are trans- 
ferred through one of a plurality of paths within an 
asynchronous transfer mode switching system selected 
by routing information, each of the cells including a 
header and an information field, said routing method 
comprising the steps of: 

adding first routing information to incoming cells at 
an input stage o the asynchronous transfer mode 
switching system when supplying the incoming 
cells to the asynchronous transfer mode switching 
system; 

generating a route switching confirmation cell in 
response to a route switching instruction and add- 
ing second routing information to incoming cells 
thereafter so as to supply the route switching con- 
firmation cell an the incoming cells having the 
second rotating information added thereto, to the 
asynchronous transfer mode switching system, the 
second routing information being different from 
the first routing information a and being deter- 
mined by the route switching instruction; 

comparing routing information o of the incoming 
cells with the second courting information at an 
output stage of the asynchronous transfer mode 
switching system in response to the route switching 
instruction; 

outputting rom the asynchronous transfer mode 
switching system each of the cells having routing 
information different from eh second routing infor- 
mation; and 

temporarily storing each of the cells from the asyn- 
chronous transfer mode switching system having 
routing information identical to the second routing 
information and reading out and outputting the 
stored cell after the route switching confirmation 
cell is output from the asynchronous transfer mode 
switching system. 

2. The outing method as claimed in claim 1, wherein 
the outing information of each of the cells includes a 
cell identification field or indicating whether the cell is 
the route switching confirmation cell of a normal cell 
other than the h route switching confirmation cells, and 
an information field for indicating paths to e selected 
within the asynchronous transfer mode switching sys- 
tem for each stage of the asynchronous transfer mode 
switching system. 

3. The routing method as claimed in claim 1, wherein 
the header of each cell includes a virtual channel field 
which indicates an address of a virtual channel at an 
output stage of the asynchronous transfer mode switch- 
ing system. 

4. The routing method as claimed in claim 3, wherein 
the virtual channel field of the header indicates the 
address of the virtual channel by a virtual path identifier 
and a virtual channel identifier. 

5. The routing method as claimed in claim 4, wherein 
the virtual path identifier is fixed. 

6. The routing method as claimed in claim 3, wherein 
the virtual channel field of the header indicates the 
address of the virtual channel by a virtual path identi- 
fier. 

7. The routing method as claimed in claim 3, wherein 
said step of temporarily storing each cell from the asyn- 
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chronous transter mode switching system includes read- fifth means for temporarily storing each cell 
ing out and outputting the stored cell in place of an from the asynchronous transfer mode switch- 
arbitrary cell which is not used for transfer of infonna- ing system having routing information identi- 

tl °o'-m- cal to tne second routing information and 

8. The routing method as claimed in claim 7, wherein 5 reading out and outputting the stored cell after 
the arbitrary cell is the route switching confirmation the route switching confirmation cell is output 

ce |}' _ from eh asynchronous transfer mode switch- 

9. The routing method as claimed in claim 3, wherein mg system. 

said step of temporarily storing teach cell from the 14. The routing system as claimed in claim 13, 

asynchronous transfer mode switching system includes 10 wherein the routing information of each cell includes a 

reading out and outputting the stored cell in place of an ^ identification field for indicating whether the cell is 

arbitrary cell whcih has outing information different thc roulc switching confirm ation cell or a normal cell 

from the second routing information and has a virtual other tnan ^ route switchin confirmation el , ^ an 

channe^ieldwluch^ information field for indicatmg paths to be selected 

V? g f, f ? laUQCd m u Cl ?f? 3 ' 15 ^hin the asynchronous transferTode switching sys- 

^^S^^^ST'S storing each ceil from tem for ^ sta of ^ transfer mode 

the asynchronous transfer mode switching system in- switching svsteni 

eludes reading out and outputting the stored cell in « T? * i • j • 1 - 

1 * *- r t „ K 1 • , . , 15. The routine system as claimed in claim 14. 

place of a first arbitrary cell which is not used or trans- zJ Z. u . 7~t. , 1 

fer of information, or reading out and outputting the 20 Tn H ^ Tl ? output inks 

stored cell in place of a second arbitrary cell which has £„2^J ° f CcU T * ^ 

routing information different from the second outing JS^J? °T! m f ^ onous ^ ransfer 

information and has a virtual channel field which is «ode switching system, and said first and second means 

identical to that of the stored cell, whichever occurs of ^ converter part include: 

first 23 a discriminator for discriminating the virtual channel 

11. The routing method as claimed in claim 10, 

wherein the first arbitrary cell is the route switching a first table » C0U P led to ^ discriminator, for storing 

confirmation cell. addresses of virtual channels at the output link of 

12. The routing method as claimed in claim 1, which said converter part and storing the first routing 
further comprises the step of outputting an empty cell 30 information in correspondence with addresses of 
when said step of temporarily storing each cell from eh * e virtual channel at the input of said con- 
asynchronous transfer mode switching system tempo- verter part; and 

rarily stores a cell. a control part, coupled to said discriminator and said 

13. A routing system for routing cells which are first table, for adding the first routing information 
transferred through one of a plurality of paths within an 35 to the incoming cells by referring to said first table 
asynchronous transfer mode switching system selected for rewriting the first routing mformation of 
by routing information, each of the cells including a ^ fast toWe t0 thc second routing information in 
header and an information field, said asynchronous respect to the route switching instruction, so as to 
transfer mode switching system having an input stage frdd the second routing information 0 the incoming 
and and output stage, said routing system comprising: 40 cells after rewriting said first table. 

a converter part coupled to the input stage o the The routing system as claimed in claim 15, 

asynchronous transfer mode switching system a nd wherein said control part rewrites the cell identification 

including: field of a certain cell to indicate the route switching 

first means for adding first routing information to confirmation el when said discriminator discriminates 

incoming cells when supplying the incoming 45 that said virtual channel field of said certain cell is 

cells to the asynchronous transfer mode switch- empty. 

ing system; and 17* The routing system as claimed in claim IS, 

second means for generating a route switching wherein the virtual channel field of the header indicates 

confirmation cell in response to a route switch- the address of the virtual channel by a virtual path 

ing instruction and for adding second routing 50 identifier and a virtual channel identifier, 

information to the incoming cells thereafter, so 18- The routing system as claimed in claim 17, 

as to supply the route switching confirmation wherein the virtual path identifier is fixed, 

cell and the cells to whcih the second routing 19. The routing system as claimed in claim 15, 

information has been added, to the asynchronous wherein the virtual channel field of the header indicates 

transfer mode switching system the second rout- 55 the address of the virtual channel by a virtual path 

ing information being different from eh first identifier. 

routing information and being determined by the 20. The routing system as claimed in claim 15, 

route switching instruction; and wherein said fifth means of said output module part 

an output module part coupled to the output stage reads out and outputs the stored cell in place of an 

o the asynchronous transfer mode switching 60 arbitrary cell which is not used for transfer of infonna- 

system, including: don. 

third means for comparing routing mformation 21. The routing system as claimed in claim 20, 

of the cells with the second outing information wherein the arbitrary cell is the route switching confir- 

in response to the route switching instruction; mation cell. 

fourth means for outputting each cell from the 65 22. The routing system as claimed in claim 15, 

asynchronous transfer mode switching system wherein said fifth means of said output module part 

having routing information different from the reads out and outputs the stored cell in place of an 

second courting information; and arbitrary cell which has routing information different 
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from the second routing information and has a virtual certain cell has routing information different from 

channel field which is identical to that of the stored cell. the second courting information. 

23. The routing system as claimed in claim 15, 26. The routing system as claimed in claim 25, 
wherein said fifth means of said output module part wherein said control pat supplies the control signal to 
reads out and outputs the stored cell in place of a first 5 ^ selector means based on the detected result from 
arbitrary cell which is not used for transfer of informa- **** detector » so 1031 toe stored el read out from said 
tion, or reads out and outputs the stored cell in place of memory mans is output from said selector means in 
a second arbitrary cell which has routing information P lace of an arbitrary cell which is not sued for transfer 
different from the second routing information and has a of information. 

virtual channel field which is identical to that of the 10 5' . The .j rou i m 8 » claimed in claim 26, 

stored cell, whichever occurs first ? herein ^arbitrary cell is said route switching con- 

_ . . nrmation cell. 

24. The routmg system as claimed in claim 23, ^ ^ routm „ claimed . ^ 

wherein said first arbitrary cell is said route switching whercin ^ contr * , ^ suppHes ^ conm>1 signa) ^ 

C °?r in ^ • , . 15 selector means based on the detected result from 

25. The. routing system as claimed in claim 15, said detector means so that the stored cell read out from 
wherein said third through fifth means of said output said memory means is output from said selector means 
module part include: in place of an arbitrary cell which has routing informa- 

a detector for detectign the virtual channel field and tion different from the second routing information, and 

the routing information of each incoming cell and 20 has a virtual channel field which is identical to that of 

providing a detected result; the stored cell. 

a second table, coupled to said detector, for storing 29. The routing system as claimed in claim 25, 

the second routing information; wherein said control part supplies the control signal to 

memory means for temporarily storing one or a plu- said selector means- based on the detected result from 

rality of cells; 25 said detector means, so that the stored cell read out 

selector means for selectively passing a cell output ^ rom memory means is output from said selector 

from the asynchronous transfer mode switching means in place of a first arbitrary cell which is not used 

system or a cell read out from the said memory for transfer of information, or in place of a second arbi- 

means responsive to a control signal; and **** ^ which has routin S information different from 

a control part, coupled to said detector, said second 30 ^ ^ond routing infoiniation and has a virtual chan- 

table, said memory means and said selector means, whlch ,s ^ ttcal lo that of stored cel1 ' 

r- t ^ ' . . „ c , , whichever occurs first. 

y UT" 8 -?? ?' 'V^r 30 The routing system as claimed in claim 29, 
XI / ^ T ° T? T"* wherein said first aYbkrary cell is said route switching 

routing information identical to the second routing 35 confirmation ceU 

information stored in said I second table based on the 3L ^ routing system as claimed in claim 25, 
detected result obtained from said detector and for wherein said control means includes means for output- 
outputting said control signal, so that said selector ting an empty cell when said memory means temporar- 
means passes a certain cell output from the asyn- ily stores a cell from the asynchronous transfer mode 
chronous transfer mode switching system when the 40 switching system, 
defected result from said detector indicates that the 
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Sept. 19, 1989 [JP] Japan 1-242454 — ; 

TITLE PAGE, Col. 2, [57] ABSTRACT 

line 16, "tion," should be — tion. The method 
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line 48, "e" should be — be — . 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,084,867 Page 2 of 3 

DATED JANUARY 28, 1992 

INVENTOR(S) : TETSUO T A CHI BAN A ET AL. 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 



Col* 13, line 12, "whcih" should be — which — ; and 

"outing" should be — routing — ; 

line 19, "or" should be — for — ; 

line 22, "outing" should be — routing — ; 

line 31, "eh" should be — the — ; 

line 40, "and" (second occurrence) should be 
— an — ; 

line 41, "o" should be —of--; 

line 42, "a nd" should be — and--; 

line 53, "whcih" should be — which — ; 

line 56, "eh" should be —the—; 

line 60, "o" should be — of — ; 

line 63, "outing" should be — routing — ; 

line 68, "courting" should be — routing — . 

Col. 14, line 7, "eh" should be — the—; 

line 13, "el," should be — cell, — ; 

line 38, "respect" should be — response — ; 

line 39, "o" should be — to — ; 

line 44, "el" should be — cell — . 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,084,867 Page 3 of 3 

DATED JANUARY 28, 1992 

INVENTOR(S) : TETSUO TACHIBANA ET AL. 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Col. 15, line 19, "detect ign" should be —detecting--; 
line 33, "eh" should be —the—. 

Col. 16, line 2, "courting" should be — routing—; 

line 4, "pat" should be — part— ; 

line 6, "el" should be —cell—; 

line 7, "mans" should be — means — ; 

line 16, "means" should be — means, — ; 

line 24, "means-" should be — means — . 



Attest: 



Signed and Sealed this 
Thirteenth Day of July, 1993 



MICHAEL K. KIRK 

Attesting Officer Acting Commissioner of Patent* and Trademarks 
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